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Abstract 





To understand the biological importance of sodium pyrophosphate and its applicability as inhibitors in 
urolithiasis disease, we have studied the inhibition efficiency of sodium pyrophosphate towards the 
mineralization of urinary stone forming minerals like calcium phosphate, in aqueous as well as urinary 
medium. An attempt has been made to unfold, tentatively, the mechanism of inhibition by this inhibitor. It 
was Observational experiment. The Study was Conducted in the chemistry lab of university department of 
chemistry, B N Mandal University, Madhepura (Bihar) An experimental model was designed by taking 
the salt forming solutions, the whole operation took about 40-50 min. At the end the contents of beaker 
were digested in a hot water bath, cooled to room temperature and centrifuged in small volumes. The total 
centrifugate was collected and Calcium and carbonate content of the centrifugate of calcium carbonate 
mineralization experiments were determined. Sodium pyrophosphate has a moderate inhibition efficiency 
towards calcium carbonate mineralization. At 0.05 M concentration, sodium pyrophosphate has a net 
inhibition of 30 % which is 26.65 % more than that of water (blank). Compared to water the percentage 
inhibition increased by 795.52%. With decreasing concentrations of sodium pyrophosphate, the inhibition 
efficiency decreases. At very low concentration (0.01 M) its inhibition is only slightly higher than that of 
water. In urinary medium sodium pyrophosphate seems to function as a better inhibitor of phosphate 
mineralization. At 0.05 M concentration, sodium pyrophosphate has a net inhibition of 89.22 % which is 
75.36 % more than that of urine. It is observed that sodium pyrophosphate solution, under different 
concentrations, exhibits moderate to good efficiency of inhibition towards mineralization of urinary stone 
forming minerals like calcium carbonate in aqueous as well as urinary medium. 
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1. Introduction 


The urinary stone formation is related to the level 
of inhibitors of present in urine!. Human urine is 
known to contain some low as well as high 
molecular weight inhibitors like citrate, 
glycosaminoglycans, magnesium, zinc and sodium 
pyrophosphate. However, the mechanism of the 
action of these inhibitors are yet to be clearly 
established. The anions The urinary stone 
formation is related to the level of inhibitors of 
present in urine'!. Human urine is known to contain 


some low as well as high molecular weight 
inhibitors like citrate, glycosaminoglycans, 
magnesium, zinc and sodium pyrophosphate. 
However, the mechanism of the action of these 
inhibitors are yet to be clearly established. The 
anions like citrate and pyrophosphate have been 
surmised to act by forming soluble-chelation of 
calcium ions. So far as the mechanism of action of 
inhibitor anions like pyrophosphate concerned, it is 
not yet well established. Effect of magnesium and 
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zinc on urolithiasis risk factors have been studied” 
4 Attempts to correlate urinary levels to urolithiasis 
have been made**. However, pyrophosphate 
inhibitory capacities towards lithogenesis in the 
urinary tract have not yet been quantified and the 
corresponding chemical mechanisms have not been 
unraveled. A quest in this direction would be of 
applied value. Pyrophosphate is an inorganic 
compound with the formula Na4P207. It is a white, 
water-soluble salt. It iS composed 
of pyrophosphate anion and sodium cations. It was 
first identified as a key endogenous inhibitor of 
biomineralization in the 1960s. The major source of 
pyrophosphate appears to be extracellular ATP, 
which is released from cells in a controlled 
manner.*°. Our study would summarize the 
inhibition efficiency of pyrophosphate towards 
calcium sulphate stone in water as well as in urinary 
medium.[1-6] 

2. Methodology 

It was an observational experiment. The Study was 
Conducted in the chemistry lab of university 
department of chemistry, B N Mandal University, 
Madhepura. (Bihar) during a period between 
January 2019 and June 2019. An experimental 
model was designed with the two salt forming 
solutions and the inhibitor (pyrophosphate) falling 
simultaneously to a weaker from three separate 
burettes. Crystalloid forming solutions, viz., 
solutions of calcium acetate, potassium hydrogen 
phosphate, sodium pyrophosphate were prepared in 
distilled water. Four experimental models namely 
simultaneous Flow Static Model (S.S.M), 
Simultaneous Flow Dynamic Model (S.D.M), 
Reservoir Static Model (R.S.M), and Reservoir 
Dynamic Model (R.D.M), were designed. In the 
S.S.M model the two salts forming solution, e.g. 
potassium hydrogen Phosphate and Calcium 
Acetate (for calcium phosphate) and the inhibitor 
(sodium pyrophosphate) were taken in three 
separate burettes (50 ml) and were allowed to fall 
simultaneously into a 250 ml beaker in a slow 
(dropwise) and equal speed. 

The whole operation took about 50 min to 1 hour. 
At the end of the experiment, the contents of beaker 
were digested in a hot water bath for 10 min, cooled 
to room temperature and centrifuged in small 
volumes. The total centrifugate was collected. Next, 
the precipitates of the centrifugate in case of 
calcium phosphate mineralization experiments were 
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determined. Simultaneous blank experiments with 
water/urine in place of inhibitor solution were also 
carried out for evaluating the inhibition efficiency 
of inhibitors compared to  water/urine. All 
experiments were conducted at room temperature 
(20-25 °C). pH value is maintained at 6.5.[7-12] 

3. Estimations and calculations 

Calcium was estimated by complexometric method 
using standard disodium EDTA _ solution’. 
phosphate was estimated by ammonium molybdate 
solution[(NH4)6Mo706.4H20]. While calculating 
the calcium contents of centrifugate, an EDTA titer 
value, equivalent to the total inhibitor solution 
(pyrophosphate solution) was deducted from the 
total titer value (equivalent to the centrifugate). This 
was done because pyrophosphate that is present in 
the centrifugate, would also consume some EDTA. 
While calculating the phosphate content of the 
centrifugate in case of experiments with inhibitor 
solution in urinary media, a molybdate titer value 
equivalent to 50 mL urine was deducted from the 
total titer value (equivalent to the centrifugate). This 
was done because urine itself would consume some 
molybdate due to its own phosphate and probably 
other reducing substances. Inhibition efficiency of 
the inhibitor solutions (including that of 
water/urine) was calculated using the formula 
Inhibition efficiency 

we area dene Cat* or phosphate in centrifugate 
(% inhibition) = Total rae ae in een 


4.Results & discussions 

A study of Table-1 suggests that sodium 
pyrophosphate has a moderate to good inhibition 
efficiency towards calcium phosphate 
mineralization. At 0.05 M concentration, Na4P207 
has a net inhibition of 55.35 % which is 46.43 % 
more than that of water (blank). Compared to water 
the percentage inhibition increased by 520.51 %. 
With decreasing concentrations of the inhibitor, it is 
observed that the inhibition efficiency decreases. At 
very low concentration (0.01 M) the inhibition of 
pyrophosphate is found to be only slightly higher 
than that of water that is 11.70% more. In urinary 
medium (Table-2) Na4sP2O7 seems to function as a 
better inhibitor of phosphate mineralization 
although urine itself is an inhibitor. In blank the 
inhibition capacity of urine(blank) is found to be 
11.16%. This inhibition efficiency of pure urine 
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might be due to its natural inhibitors like citrate, 
Mg**, pyrophosphate etc. 

At 0.05 M concentration the net inhibition of 
pyrophosphate is as high as 54.12 %, which comes 
to 42.96 % higher than that of urine. With 
decreasing concentration of Na4P207, the inhibition 
has been found to gradually decrease and becomes 
only slightly higher than that of pure urine at 0.01 
M strength. Thus, only up to 0.005 M strength 
pyrophosphate can be a good inhibitor. Calcium 


Volume 02 Issue 11 November 2020 


phosphate is the most frequently occurring 
constituent of urinary calculi after calcium oxalate 
which is the most abundant”. It is the most stubborn 
constituent. A moderate inhibition of phosphate by 
Na4P207 up to as low as 0.05 M concentration, 
particularly in urinary medium, suggests that 
pyrophosphate ion would be a useful inhibitor of 
stone formation in the urinary tract. 

Sodium pyrophosphate binds with phosphate ions 
and, in turn, screens the (Phosphate) from Ca**, 
thus, calcium phosphate precipitation is inhibited. 


Table:1. Inhibition of mineralization of calcium oxalate by pyrophosphate ions in aqueous medium 
























































Strength = ; 
of phosphate Phosphate Increase of ny 
Inhibitor inhibitor | in solution | precipitated | Inhibition Inhibition ‘ 
solution (mg) (mg) over blank oe 
blank (%) 
(M) 
Water 
(Blank) — 5.00 51.00 8.92 — — 
Na4P207 0.010 11.55 44.45 20.62 11.70 131.16 
Na4P207 0.015 13.68 4) 32 24.42 15.50 173.76 
Na4P207 0.020 17.04 38.96 30.42 21.50 241.03 
Na4P207 0.025 17.78 38.22 31.75 22.83 255.94 
Na4P207 0.030 20.15 35.85 35.98 27.06 303.36 
Na4P207 0.035 Zout2 32.28 42.35 33.43 374.77 
Na4P207 0.040 24.65 3145 44.01 35.09 393.38 
Na4P207 0.045 21.20 28.80 48.57 39.65 444.50 
Na4P207 0.050 31.00 25.00 55.35 46.43 520.51 
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Table: 2. Inhibition of mineralization of calcium oxalate by pyrophosphate ions in urinary medium 



























































Strength of | Phosphate Phosphate Increase of pei 
Inhibitor inhibitor | in solution | precipitated | Inhibition | Inhibition 
solution ) (an) blank relative to 
M (mg mg over blan blank (%) 
Urine 
(Blank) — 3.58 44.42 11.16 — — 
NagP207 0.010 6.10 43.90 12.20 1.04 9.32 
NagP207 0.015 6.72 43.28 13.44 2.20 20.43 
NagP207 0.020 8.44 41.56 16.88 5.12 S150 
Na4P207 0.025 11.1 38.90 22.20 11.04 98.92 
NagP207 0.030 14.64 35.36 29.28 18.12 162.36 
NagP207 0.035 17.96 32.04 35.92 24.76 221.86 
NagP207 0.040 20.53 29.47 41.06 29.90 267.92 
NagP207 0.045 23.16 26.84 46.32 35.68 319.71 
0.050 27.06 22.04 54.12 42.96 384.95 
The phosphate ion (PO4~) has a tetrahedral (Ta) reaction mixture of calcium chloride, sodium 


symmetry and shows 4 infrared absorption modes”. 
stretching (v1) 


These are 


symmetric 


P-O 


10 


phosphate and pyrophosphate, showed a band of 
medium intensity at 1094 cm”. This band may be 





asymmetric P-O stretching (v3) and the two O-P-O 
bending modes (v2 and v4). In a non-equivalent 
force field around the phosphate ion, however, there 
occurs distortion from the _ tetrahedral 
symmetry'?'!, In case of ionic phosphate, the 
totally symmetric stretching mode (v1) is Raman 
active, but in coordinated phosphates this band 
becomes IR active!*. Presently the infrared spectra 
of the crystals, obtained from the centrifugate of 


assigned to asymmetric P-O stretch (v3). The 
symmetric P-O stretch (v1) showed rather low at 
915 cm’!. Weak bands at 680 and 604 may be 
assigned to the two split components of O-P-O 
bending mode (v4). Relatively low position of v3 
band coupled with split of v4 band suggests a 
coordinated nature of phosphate in the crystals!?.In 
the infrared spectra of the crystals from the 
centrifugate of calcium chloride, and sodium 
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phosphate, the v3 band showed at 1155 cm’! as a 


double headed peak. The v; band has been observed 
just as a shoulder at Ca. 950 cm'!. The v4 band, 
however, has been found to split into two, showing 
at 671 and 602 cm'!. Split of v3 and v4 bands 
suggests that the phosphate in the crystals is not 
ionic but is rather in some coordinated state. Thus, 
it seems, pyrophosphate inhibits calcium phosphate 
mineralization through sequestering-complexation 
of phosphate. 


Conclusion 

It is observed that sodium pyrophosphate, under 
different concentrations, exhibit moderate to good 
efficiency of inhibition towards mineralization of 
urinary stone forming minerals viz., calcium 
phosphate in aqueous as well as urinary milieu. 
Infrared studies suggested that the pyrophosphate 
ions inhibit calcium phosphate mineralization by 
sequestering complexation (soluble chelation) of 
phosphate. Inhibition of calcium phosphate by 
Na4P207, particularly in urinary medium, would be 
of applied value in the prevention and control of 
urolithiasis. All of our observations in the present 
study are in-vitro and from chemical point of view. 
In vivo studies in animal systems and also human 
trials can only prove the affectivity of the 
pyrophosphate in inhibition and dissolution of 
urinary stones. Our present in-vitro studies, 
nevertheless, would definitely form foundation for 
designing drugs for chemo-dissolution of urinary 
calculi. 
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